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The extensive use to which brass is employed in
ocean vessels and in machinery in contact with ocean
water renders the subject of corrosion in sea^water very
important. Brasses are prepared for special industrial
uses where they find valuable application on account of
certain properties which they posses, either of with-
standing corrosion altogether or corroding in a manner
which does not materially affect the strength of the '
brass. Typical of these brasses is the Lluntz metal
which serves as a protective covering for the exposed
v/ooden parts of ocean vessels. It is valutible for the
reason that in dissolving the copper forms poisonous
salts, thereby inhibiting the growth of certain injur-
ious molluscae, '"his brass corrodes quantitatively,
that is, the amount of copper in the corrosion product
Is equal to the amount of copper in the brass and the
structure of the brass is not injuriously affected by
corrosion.
Our present work v/as carried on for the, purpose
of investigating the corrosion of brasses of many d-^'f-
ferent compositions in sea water.
Klein and Howe^^) carried on extensive experi-
ments on the corrosion of brasses in a great many' sim-



pie salts. They prepared a vseries of thirteen copper-
zinc "brasses var^^ing from 5.08 per cent copper to 92.5
per cent copper, representing the various solid solu-
tions at 400^, at which temperature the brasses were
annealed as is described in their report. These
brasses were used in all the experiments carried on in
the present work.
The thirteen brasses were rotated simultaneously
by one motor in the rack shovm. in Plate 1. For belting
fish cord v/as used and was found to be very satisfactory.
For reading the fall of potential between the braSvS an-
ode and platinum cathode in the individual corrosion
cells, we devised a sv/itch-board v/hich is shown on the
shelf above the rack in Plate I. The electrode of
each cell was connected with specif lly constructed switch-
board on which could be rotated the switch shown on the
front of the board. This device was found very conven-
ient in locating exactly in which cell the drop of po-
tential occurred.
The brasses were cormected in series, the current
being supplied by a battery of storage cells. In series
With t/ie brasses there ?/as a copper coulometer and a mil-
li-ammeter.
Two hundred cc. of the electroljrte v/ere used in
each" beaker in all the experiments and with this amount
about two inches of the test pieces v/hich served as



anodes, were immersed, giving a uniform amount of sur-
face to "be exposed to corrosion. i^'or cathodes plati-
num wires v;ere used. The runs wei'e continued for
six hours at ordinary room temperature v/ith a current
of 0.02 amperes and 25 -volts. All runs v^ere made in
duplicate to verify the data and the results given in
the tables shov; the general trend of the corrosion of
these brasses. In all the experiments the fall of po-
tential in each corrosion cell was remarkably uniform
and constant during the entire run.
At the conclusion of the experiment , the rack
was tilted back as shown in Plate 2 and the brasses
v;ere cleaned by washing with v/ater and scouring with
rubber tipped stirring rods. In none of the experi-
ments with sea ?/ater were t?ie anodes difficult to clean.
The cathodes of the coulometer were removed im-
mediately at the close of the run, washed ?7ith water,
alcohol and ether, dried and weighed. To insure good
duplicate deposits, it was found quite essential to
have the surfaces of the cathodes perfectly bright and
clean.
Previous to each run the brass test pieces were
cleaned and polished with eraeiry cloth and, in th,iB way,
a pure brass surface was exposed to corrosion.
The corrosion products were dissolved in nitric
acid and the copper was determined electrolytically by
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means of a rotating platinum anode and platinum gauze
cathode in the apparatus shown in Plates .'5 and 4,
Owing to the difficulty in ohtaihing ocean water,
it was neceBsary to prepare synthetic solutions of ocean
v;ater in our corrosion work. As a "basis for the composi-
tion and concentration of these solutions, we used the
values given in tahles of the Geological History of Lake
Lahontan. ^ The revSults of the chemical investigation
(4)
of the Ch^ llenger Expedition have shown that the
amount of total solids in sea water is remarkably con-
stant except at the mouths of large rivers and close to
shore. Dittmar^*^^ gives this following average compo-
sition:
Sodium Chloride 77.758
lilagnesiura " " 10.878
Magnesium Sulphate 4.737
Calcium " 3.600
Potassium " 2.465
Mugnesium Bromide 0.217
Calcium Ciirhonate 0.545
Total Salts 100.00 parts.
The average composition of ocean water per liter
from twelve widely separated localities, as given by
Forshammer, is as follows:
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Chlorine 18.999
Sulphur ic acid 2.258
Lime— 0.556
Magnesia 2.096
All Salts M.404
This average is low iDecause of the samples from
the north and South Polar Seas where glaciers are con-
stantly melting and affecting the concentration. Leaving
these out, v^e obtain the average of 25.101 grams, total
salts per liter.
From 134 analyses the average is 34.957 grams
per liter,
Dittmar states that of 160 analyses collected by
the Challenger Expedition,
The lowest, parts per thousand 33.01
The highest, " " " 3 7 .37
Average— 35. 19
In general, therefore, we may assume 3-5 per cent
as the amount of total salts in sea water. In all of
these tables, the combinations of the elements into salts
are hypothetical and the tables represent only the con-
centration and not necessarily the real chemical combi-
nations of the elements in sea water.
Besides chlorine, sulphuric acid, calcium, magnes-
ium and sodium, which make up 99 per cent of the total
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solids in sea water, Forschammer has shown the presence
of twenty six elements including 'oromine, iodine, fluorine,
phosphorus, silicon, hpron, silver, gold, copper, lead,
zinc, cobalt
,
nickel, iron, manganese, aluminum, stront-
ium and barium,
CORROSICN lU SmHETIC SEA HQ, I.
Owing to the difficulty of dissolving calcium, car-
bonate and knowing that the combinations in the tables
were hypothetical, it was calculated over to calcium sul-
phate and potassium carbonate. The miUgnesium chloride
and sulphate were weighed as the hydrate d salts. Below
is given the composition of the synthetic sea salt ""To, 1,
in grams per liter of solution.
Sodium Chloride 27.2152
I.Iagne s ium " 8,0920
Magnesium Sulphate ?»3850
Calcium " — 1.4204
Potassium " 0.6516
Magnesium iiromide ~- 0.0759
Potassium Carbonate 0.1675
In this experiment the solutions at first became
cloudy and then a greenish flocculent precipitate ap-
peared, v/hich gradually changed to a brownish color,
v/hich varied for all the brasses above 50 per cent cop-
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per. In the case of those "brasses containing less than
50 per cent copper there v/as a white flooculent precipi-
tate throughout the entire run. In the case of the 51,3
per cent hrass there was a copper film over the 7/hole .
corroded surface which coiild be very easil;/ peeled off.
As this scale was not dissolved off during corrosion,
it was not considered as corrosion product, P.ecords were
kept of its weight and it v/as observed that there was a
constant ratio between its weight and the weight of that
part of the corrosion which had dissolved off. For ex-
ample :
"'eight of copper scale 0.1605
I.e.
-L .
" " corrosion 0.1933
•1605
— ^ 3_QQ ^ QQ cent.
I.e.
.19;
Weight of copper scale 0,1960
2;
" " corrosion 0.2503
— X 100 = 79 per cent.
Hence, the copper scale was about 80 per cent of the
total coirosion product and when analyzed in duplicate,
was found to contain 100 per cent copper.
Table ITo, 1 shows the data for these experiments,
the headings of the columns being self explanatory.
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Tahle ITo. 1
Per cent Cu
in
Test Pieces
3.08
10.40
2E.60
47.60
51.30
56.80
60.30
66.50
75.40
76.30
83 4 20
86.60
93.60
Grams of
Corrosion
.2140
.1858
"
.2057
.2118
.2513
.3040
.3295
.3424
.3619
.3679
.3917
.4020
.3485
Grams Cu
in
Corrosion
.0009
.0012
.0015
.0031
.0405
.1428
.2044
.2243
.2660
.2720
.3251
.3459
.3239
Per cent Cu
in
Corrosion
.45
.65
.73
1.50
16.10
46.90
62.00
65.60
73.50
76.10
83.00
86.00
93.00
0.2253 grams.
Current
Efficiency.
92.2
80.0
88.6
90.8
100.0
101.4
99.4
100.8
100.5
101.8
100.9
101.0
82.5
Copper deposited in coulometer
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The relation iDetween the amount of corrosion,
the amount of copper in the corrosion, and the composi-
tion of the brass, is shown in Fi^ire 1. The ordinates
represent weight in grams, th^^itscissae the percentage
composition of the brasses. The bounaaries of the dif-
ferent fields of crystals are shown, "by dotted vertical
lines. From the upper curve which represents gi'ams of
corrosion, it is seen that the amount of corrosion de-
creases with the decrcuse in the amount of copper in the
"brasses do^^n to the ^ - X field. The values from there
on to the 22.6 per cent "brass are interpolated , hut from
there on the amount of corrosion is practically constant
The values for 100 per cent copper and 100 per cent zinc
v/ere calculated from the coulometer readings. In the
case of brasses of 60.3 per cent copper and above, the
per cent of copper in the corrosion product is practical
ly the same as the composition of the brass from which
it is obtained, ?or the brasses v/ith cOf/er content be-
tween 60.3 and 47.6 per cent copper, there is a rapid
decrease in copper content of the corrosion, as shown in
Figure 1, while with brasses of less than 4 7.6 per cent
copier the corrosion is practically pure zinc. These
latter brasses were all left with a copper rich surface
especially noticeable in the case of the 51.3 per cent
brass before mentioned. The corroded surface of the
brasses above 60.3 per cent presented a flaked brass ap-
pearance, perfectly clean and free from corrosion.
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COHROSION 11^ SYlTTnETIC SEA SALT ]^C. 2.
In order to ascertain if tlie corrosion was affected
in any way by the substitution of iodine for broinine in
s^Tithetic salt ITo . 1, we prepared a salt of the following
composition;
Sodium Chloride 27.2152
IvlagneRium " 8.1280
Liagnesiura Sulphate r.2086
Calcium " 1.4242
Potassium " 0.6044
Fotassiuri Carbonate 0.1675
Potassium Iodide 0.0906
In the place of magnesium iodide, v;e used potas-
sium iodide and calculated the magnesimn over to magnes-
ium sulphate and from the potassium sulphate obtained
the potassium for the potassium iodide.
In this experiment, as in the previous one, the
solutions at first became claudy, then a greenish precip-
itate appeared, which gradually changed to brovm, tending
more to orange in the case of all brasses above 50 per
cent copper. In the case of the 47.6, 22.6, 10.4, 3.06
per cent brasses representing the jg), "j^ £;^}^^ crystals , there
was a white flocculent precipitate throiighcut the run.
These precipitates were c'issolved in nitric acid
and on allowing these nitric acid solutions to stand,

11-
iodine v/as liberated. This was removed "by heating the
solution and the copper was d eterrined electrolyt ically
In Table II the data for this experiment are pre
sented and in Fi2:iire 2 their relation is represented
diagrammatically v/ith the ordinates and abscissae the
same as in Figure 1.
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Table Ho. II
X e r c e n u o u.
in
i e sx X 1 ec e
s
OrX cLI:lo U X
\jKj X X U o X Uli
fiTPimc? Hn
in
Fpt p. pnfi Gil
in
CorTD si on
Current
Effic ienc v
2.08 .2647 .0016 0.62 98.3
10.50 .2172 .0028 1.30 80.4
22.60 .2538 .0083 3.45 93.1
47.60 .2613 .0260 9.94 86.6
51.20 .3488 .1438 41.22 103.8
56.80 .3535 .1888 53.56 97.5
60.30 .3804 .2420 63.60 97.9
66.50 .3774 .2520 66.78 95 .0
73.40 .3761 .2845 75.25
76.30 .3805 .2835 7 b. 60 90.4
82.30 .4081 .3450 84.55 89.5
86.60 .4092 .3585 87.60 87.5
93.60 .3915 LOST
Copper deposited in ooulometer 0.2612 grams.
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From this curye it is to "be noted as before that
the amount of corrosion decreases with the decrease in
copper content of the brasses dOwn to the 4 7.6 per cent
brass, practically the same point as shown in Figure 1.
From this point on through the brasses containing Y
and \ solid solutions, the amount of corrosion is pract-
ically constant. The amount of copper in the corrosion
is practically the same as the amount of eopfer in the
brasses in the c< and c<-f-^ fields. Below these fields
the corrosion consists of practically pure zinc.
COF:KOSIOi!l IN WEST I^IDTA BaTII SAIT.
Thinking that the concentration and composition
of ocean water might be more nearly approached, we made
up a solution of V.'est India Bath Stilt such as is put on
the market by the Morrison Pluminer Drug Company. In each
liter of solution there were Z5.1 grams of salt , this being
the concentration as given by Dittmar^"^^ for sea water.
As in the previous experiments, the solutions at
first became cloudy, then a greenish flocculent precipi-
tate appeared, v/hich gradually changed to brown in the
case of all the brasses excerting the 4 7.6, 22,6, 10.4,
3.08 per cent, in which the white flocculent precipitate
continued throughout the run.
In Table III are presented the data for this ex-
periment and in Figure 3 the relation of these data are

Table Ho. ill
Per cent Cu
Test Pieces
2.08
10. SO
22.60
47.60
51.50
56.60
60.50
66.40
73.40
76.60
83.40
86.60
93.50
Grams of
Corrosion
.2155
.2096
.2083
.2026
12565
.2827
.3302
.3420
.3595
.3664
.3901
.4019
.4249
Grains Cu
in
Corrosion
.0017
.0034
.0050
.0125
.0654
.0990
.2065
.2287
.2718
.2838
.3295
.3525
.
.4003
Per cent Cu
in
Corrosion
.8
1.6
2.6
6.7
25.9
34.2
62.3
66.9
75.6
77.4
84.4
87.7
94.1
Current
Efficiency
92.0
89.1
87.
S
84.4
96.3
100.0
9S.7
98.9
97.5
98.0
98.5
98.7
98.7
Copper deposited in coulometer 0.2269 gram
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reprosentea diasraimnatioally as
before. It is seen
from the curve that the amount
of corrosion aeoreases
„ith the aeorease in the amount of
copper in the hrasses
do™ to the 47.6 per cent hrass ana from
there on the
corrosion is practicr,lly constant.
The amount of copper
in the corrosion is practicall;-
the same as the amount
of copper m those trasses ahove 60. Z
per cent copper.
Jrom the 50.5 per c nt to the
47.6 per cent hrass. there
is a rapid decrease in the copper
content of the corrosion,
while in the fields of the X ,€ and
crystals
.
the cor-
rosion is practically pure zinc.
SPECIAI EKPE?.I1.IEHT
It will te ohserved in all the
tables that in
trasses of high copper content .the
amount of corrosion
is greatest, hut in Tables I and II
there is an apparent
variation in the case of the 9n.5 per
cent brass, which
indicates that the amount of corrosion
for that brass is
less than for the 66.6 per cent
brass. It was for the
purpose of clearing up this discrepancy
that the follow-
ing experiment was performea.
Brasses containing 93.5
86.6. and 67..Z per cent coPPer were
corroded in solution
of the salts used in the previous
eicperlments
.
namely,
Synthetic Sea Sslt 3o . 1,
Synthetic Sea Salt "o
"'est India Eath Salt.
The data are presented below.
O
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^eight of Corrosion in Grains,
ler cent Cu. Synthetic lo . 1 Synthetic i^o . 2 Bath Salt
93.5 .3713 .3564 .3681
86.6 .3448 ,3483 .3613
83.3 .3379 .3477 .3460
This experiment was repeated several tirnes and the
data presented above are tiken from one of these runs and
shov/s the trend of the corrosion. The values in Tables I
and II for the corrosion of the 93.5 per cent brass must
have been due to an error in manipulation, as all the data
obtained in this special experiment are uniform r^nd agree
with the conditions as expresser" by the curves. The low
values for the current efficiency in the case af the 93..5
per cent brass would also indicate that this corrosion was
too low.
In order to compare the relation as expressed by
the different curves already shov/n with the relations as
expressed b3/ the curve for corrosion in sodium chloride.
Figure 4 is presented.
The values for soc'.ium chloride curve were taken
from the data obtained by Klein* ^ and Howe. Ti'rom this
it is seen that the amount of corrosion decreases with
decrease in copper content of the brass to the 47.6 per
cent brass practically the same point as in the other
curves, and from there on the amount of corrosion is
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practically constant. The amount of copper in the corros-
ion is practically the same as the amount of copper in
brasses of 60.3 per cent copper, and ahove. Frorn 60.3
per cent to 47.6 per cent "brass, the decrease in copper
content of the corrosion is very rapid and from there on
through the fields of Y , £ and % crystals, the corrosion
product is practically all zinc.
Prom the great similarity in the curves it is
apparent the corrosion in sodium chloride solution is
practically the same as in the sea water.
The values of the current efficiencies presented
in all of the preceding tahles were calculated on the
"basis that copper dissolves as the cuprous salt in chlo-
ride solution and zinc as "bi-valent zinc.
Chemical corrosion and electroljrfcic corrosion are
claimed to be identical and in order to gain some idea
of the relation between them several experiments were per-
formed, using solutions of Synthetic Sea Salt ITo. 1,
Synthetic ^ea Salt llo. 2 in v/hich iodine was substituted
for the bromine in ITo* 1 and "est India i3ath Salt, all
of which were described in the discussion on electro-
lytic corrosion. The solutions of these salts were of
the same concentration as in the electrolytic experiments,
there being 35.1 grams of salt per liter.
Brass, which is exposed to sea water is ordinarily
simply immersed in the water and in order to carry on
this experiment under the same conditions, the following
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method was used:
Erlenmeyer flasks of 750 cc . capacity were set up
in a train, connected ty l-.ent glass tubing as shown in
Plate 5. The air was drawn in from outdoors to insure
freedom from the gases of the laboratory, passed through
a tower of soda lime to thoroughly remove any carbon di-
oxide present, and then through water in order to main-
tain a uniform state of saturation for the air. The air
was then drawn through the train of flasks in each of
which there was a brass test piece completely immersed
in 200 cc. of the solution, this amount being used in all
of the experiments in chemical corrosion. As the test
pieces were completely immersed and the flasks tightly
corked, no vapors from the laboratory could affect the
corrosion of the brasses.
CESMICAL COEROSIOU lU SYNTHETIC SKA SALT KG. 1.
In this experiment a 3.5 solution of synthetic
sea salt of the same composition as Synthetic Sea Salt
No. 1, whjch was used in the electrolytic corrosion, was
used. Brasses of thirteen different compositions rep-
'resenting p.ll the stable solid solutions at 400*^ C, ex-
cepting those in the T field, we're used in this exper-
iment whi-ch was continued for four weeks.
In the case of all the brasses of over 50 per
cent copper content, the solution had the characteristic
/
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"blue cofper color Which increased in intensity with the
duration of the^ corrosion. On all the brasses below
50 per cent copper there vvas formed a white crust which
was difficult to remove, even by scraping and to this
fact may be attributed the apparent irregularities in
the weight. of the corrosion products of these lov/er
brasses. The brasses above 50 per cent copper content,
however, were left in a good smooth condition after the
corrosion. These last statements apply to all the ex-
periments in chemical corrosion in sea water.
In Tc.ble IV the data for this experiment are pre-
sented, the heads of the columns being self explanatory.
In Figure 5 the relation between the amount of corrosion,
the amount of copper in the corrosion and the composition
of the brass is represented. In the field of thec< cry-
stals there Is a decrease in the amount of corrosion with
decrease in the amount of copper but in thn fields of the
o^-fpand ^ crystals there is a rapid increase in the cor-
rosion reaching a maximum about the boundary between the
^ and l^tT fields. From here on^ the amount of corrosion
gradually decreases to the fields of f and "P. crystals,
where there is a slight increase.
The amount of copper in the corrosion decreases
gradually, however, and for brasses of below 50 per cent
copper, the corrosion is practically all ;:inc.

Table Ho. IT.
Per cent Cu Crams of Grams Cu Per cent Gu
in in
Test Pieces Corrosion Corrosion Corrosion
9 3 • ^ .0158 .0150 94.9
85.6 .0154 .0151 96.0
85.3 .0142 .0132 93.0
76.3 .0090 .0045 50.0
73.4 .0087 .0077 88.5
66.5 .0114 .0091 79.8
60.3 .0067 .0032 72.5
56.8 .0209 .0017 8.2
51.2 .0247 ,0016 6.5
47.6 .0129 .0009 7.0
22.6 .0016 .0008 50.0
10.4 .0040 .0004 10.0
3.08 .0077 .0002 2.6
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CHELIIGja G0KR0SI02I III SIJYTHETIG SEA SALT 110. 2.
In this experiment a STnthetic sea salt was used,
in v;hich the "bromine of the Synthetic Sea Salt ITo. 1 was
replaced hy iodine as described in the experiment in elec-
trolytic corrosion and the solution of the salt was of the
same concentration as "before.
Brasses of thirteen different compositions were
used as shown in Tahle Y and the experiment was continued
for four weeks.
In Tahle 7 the data for this experiment are pre-
sented and in Figure 6 the relations are represented dia-
grammat ically. In the o< field there is a decrease in cor-
rosion, in the field of the lower Cu ^ , ?> and T crystals
there is a rapid increase, the corrosion in this experiment
reaching a maximum in the ^tTfield, the corrosion decrease
again to the fields of the 6 and U crystals when there is
again a slight increase.
The amount of copper in the corrosion decreases grad
ually through all the fields, being practically zero with
the brasses below 50 per cent copper content.
CKELIICAL COF.ROSIOn I^T \\T.ST IIUjIA BATH SALT.
A solution of '"est India Bath Salt was used in this
experiment of the same concentration as in the electro-
lytic experiments. Brasses of thirteen different compo-

Tatle ITo. V.
Per cent Cu
in
Test Pieces
93.5
86.6
82.5
76. Z
73.4
66.5
60 .
3
56.8
51.3
47.6
10.5
3.08
Grams of
Corrosion
.0341
.0312
.0257
.0095
.0087
.0077
.0096
.0061
.0231
.0444
.0182
.oiei
Grains Cu
in
Corro si on
.0338
.0310
.0207
.0090
.0083
.0075
.0067
.0025
.0022
.0035
.0014
.0004
Per cent Cu
in
Corro si on
99 .0
96.6
80.5
94.8
95.3
98.0
70.2
40.8
9.5
7.8
7.5
o p



TalDle No. ^n.
Per cent Ou arams of Sraras Gu Per cent Cu
in ill i^
Test Pieces Corrosion Corrosion Corrosion
93.5 029'^ 87.7
85 . D 0297 87.6
b3 .3 72.1
YD • o» 0093 90.8
73.4 mil 0107 96.3
66.5 .0130 .0096 73 .
8
60.3 .0147 .0023 14.3
56.8 .0269 .0050 18.6
51.3 .0369 .0020 5.4
47.6 .0424 .0009 2.2
2E.6 .0467 .0008 1.8
10.5 .0666 .0015 2.1
3.08 .0799 .0018 2.2



sition v/ere used and the experiment was continued for
four weeks as 'oefore.
In Tatle YI the data for this experiment are pre-
sented and figure 7 shows the relation of the data. Just
as in the other experiments, the :;.mount of corrosion de-
creases through the field "out from there on through
all the other fields there is a decided increase in con-
trast to the decrease through tho fields of T , € and U
crystals in the preceding experiments in chemical corro-
sion.
The amount of copper in the corrosion, however, de-
creases gradually, it being practicrlly zero in the fields
of the T , C -^if^-- U crystals.
CHEIIECilL CORROSION IN .U'.MOUIT^ OXALATE.
Additional experiments wei e performed in which,
some simple salts were used and. in this experiment a nor-
mal solution of ammonium oxalate was used. Brasses of ten
different compositions were used as shovrn in Table VII. and
the experiment was continued for two weeks.
The solutions in the flasks became blue soon after
the experiment was started and increased in intensity to
a rich deep blue color characteristic of ammoniacal cop-
per solutions. The amount of corrosion product was ex-
tremely large and there was a thick deposit of crystals
on the bottom of t .e flask.

Table I^o. TII
Per cent Cii
in
Test Pieces
Grams of
Corrosion
Grams Cu
i n
Corrosion
Per cent Gu
in
Corrosion
95.6 3.8726 3.6114 93.2
86.6 4.1038 3.6000 87.7
85.3 3.9807 3.3400 83.8
73.4 3.4255 2.5452 74.3
66.5 3.1010 1.9646 64.0
60.3 3.0478
56.8 2.4701 1.5200 61.5
51.3 2.4397 1.4960 61.3
3.08 .4192 .0620 14.8



In the case of the 93.5 iind 86.6 per cent iDrasses
a peculiar thing happened. The glass tube through ?/hich
the air entered the solution was very near these test
pieces and a verv marked corrosion occurred at this point.
A cnnsiderahle amount of the hrass was dissolved, produc-
ing a declded'hotch in the "brass which is represented
in the accompanying sketch.
Cn account of the difficulty of analyzing these
corrosions in oxalate solutions the following method
was devised, -in aliquot portion of the amraoniacal solu-
tion was acidified v/ith nitric acid, heated and potassium
permanganate added to excess, to insure complete oxida-
tion of the oxalic acid. The copper content of the solu-
tion could then he determined very conveniently and qixick-
ly "by the electrolytic method, a "bright uniform deposit
of copper always resiilting. The presence of the manganese
interfered in no way with the precipitation of the copper.
In Table VII the data for this experiment are pie-
sented and in Figure 8 the relations of the data are shov/n.
The amount of corrosion c^ecreases v;ith the decrease in
copper content of the "brasses and the amount of copper in
the corrosion is practically the same as the amount of
copper in the "brasses. It is to "be noted that in the
fields of the and T crystals there is not £3uch a rapid

Table Ho. VIII
Per cent Cu Grams of Grams Cu Per cent Cu
in in in
Test Pieces Corrosion Corrosion Corrosion
93.5 .3776 .3529 93.7
66.6 .3901 .3447 oti . 3
83.3 .9224 .7581 82.1
76.3 .8125 .5913 72.7
73.4 .8047 .5802 72.1
66.5 .6755 .4211^ 62.3
60.3 .6726 .4046 60.0
56.8 1.4084 .7922 56.2
51.3 1.2645 .6626 52.4
3.08 .2136 .0120 5.1



decrease in the amount of coi.rer in corrosion as in the
experiment with sea water.
COKHOSIOl;! Ill .Un'.IOITIUi: KITKATE.
A normal solution of ammonium nitrate was employed
in this experiment w}:ich T;as continued for two weeks.
Brasses of ten different compositions v;ere used which are
shown in Table VIII, in which the data for this experisient
are presented.
The corrosion was large and a noli^^ deposited in
the "bottom of the flasks excepting in the case of 5.08
per cent "brass. The corrosion yroduct in this case ad-
hered very firmly to the test piece.
From Figure 9 we see that the amount of copper in
the corrosion is in practically the same r;^tio as in the
"brasses. The amount of corrosion increases with decrease
in copper content of the trasses, reaching a maximum in
theo<i-|^ field. It is also to he noted that increase
of the corrosion is not at all uniform.
SUIII;iAKY.
Iv Brasses representing all the different phases
which are stahle at 400*^ C. were vsuhjected to electro-
lytic corrosion in a snythetic sea water, in another
s^^thetic sea water in v/hioh iodine replaced the "bromine
and in a 5.5 per cent solution of "est India Bath Salt.
2. The amount of corrosion decreases v.'ith the

decrease in copper content of the "brasses through the
fields of ^ and j5 crystals. On the appearance of the
y crystals the corrosion "becoines constant over the rest
of the fields.
3. The amount of copper in corrosion ip. practically
the same as the copper content of the "brasses in the o(
field. In the=v^tji and ^ fields, there is a rapid decrease
in the araount of copper in the corrosion and for the rest
of the fields the corrosion consists almost entirely of
zinc.
4. Chemical corrosions weie carried on in the solu-
tions of the synthetic salts used in the electrolytic ex-
periments and in a solution of ?.est India Bath Salt, in
vv'hich brasses representing all the phases stable at 400°C
were used as in electrolT,^: ic coirosion.
5. In the case of both synthetic sea salts there
is a decrease in the amount of corrosion with decrease in
copper content of those brasses representing the c< field
of crystals. Through the o^-/-^ and p fields there is a
rapid increase and through the rest of the field a rapid
decrease in the araount of corrosion.
6. In the case of the bath salt with the appearance
of X crystals there is a rapid increase in the corrosion in
contrast to the decrease in the other two experiments.
7. There is no relation betv/een the amount of cor-
rosion and the amount of copper in the brasses in any of
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these chemical corrosions.
8, All of -fclie data ohtr.ined in these experiments
tend to show that there is no definite relation "between
chemical and electrochemical corrosion.
9. lossihly if the electrolytic corrosions vvere
carried on for a longer period, at a very low current
density the real condit^ions of chemical corrosion might
he more nearly approached and more concordant results
obtained
,
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